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Abstract 
In June 2002 the British Pig Execut1ve introduced the Zoonoses Action Plan (ZAP) 
Salmonella Mon1tonng Programme w1th the aim of reducing the prevalence of Salmonella Infection 
in Brit1sh pigs. A serolog1cal screenmg programme was developed where meat JUice samples were 
collected from p1gs at slaughter and tested using a m1x-ELISA and herds were assigned a ZAP 
score from low to high on the basis of these results. We posed several quest1ons concerning the 
predictive value of a ZAP score and how th1s may change if the frequency of sample collection 
were changed. 
A statistical model was developed which described the different sampling strategies and the 
resultant ZAP score was estimated for each of the modelled farms. The model was used to assess 
how changing the sampling frequency would affect the ab1lity to assign a correct ZAP score given 
an assumed true within-farm prevalence and how the ZAP scores may be used to predict the likely 
prevalence of Salmonella at a farm level. 
The model predicted that reduc1ng the number of samples tested had a large effect on 
correctly assigning herds with a medium (50-75%) meat JUice prevalence but little effect on herds 
with a low (50%) or high (>75%) prevalence. A change in an individual farm's prevalence of 
mfection between sampling periods IS unlikely to be detected. At a national and reg1onal level the 
estimated prevalence had small confidence intervals and a change of approximately 2% is likely to 
be detected 
Currently the ZAP scheme requ1res that farms m the medium or h1gh ZAP level must act to 
reduce the herd ZAP score to low within a specified time or face eventual loss of the1r quality 
assured status Thus correct ZAP classification 1s important. As the herd ZAP level 1s ass1gned 
using a rolling 3 month average, mcorrect classification 1s less likely than 1f monthly ZAP scores 
were calculated The requirement for a farm to stay at a high level for 11 months before incurring 
the penalty IS a further safeguard. 
Introduction 
The ZAP programme Involves use of a meat JUice m1x-ELISA (MJE) system to detect 
ant1b0d1es to group B and C1 Salmonella 1n pigs (Nielsen et a/. 1998), through surveillance of pigs 
sent to assured abattoirs 1n Great Brita1n The optical density (00) of the test IS calculated us1ng 
standard methods A rat1o between test and control samples of 0.25 is used to define a positive 
test result 
The ZAP scheme was developed to act as a tool to monitor the prevalence of Salmonella m 
pigs at slaughter in Great Britain, and to dnve a reduct1on m prevalence (www bpex org), with the 
ultimate a1m of prov1dmg safer meat to the consumer For a hold1ng to have a ZAP score, fifteen 
samples must be submitted for analysis per quarter Currently a mmimum of three pigs are 
sampled per batch, and the m1nimum number of batches per holding submitted for each quarter IS 
five A ZAP score is calculated usmg the MJE prevalence on a three-month rollmg average and the 
score 1s ass1gned as follows, ZAP 1, s50% pos1t1ve samples, ZAP 2; 50-75% positive samples, 
ZAP 3, ~75% positive samples Hold1ngs ass1gned a ZAP score of 2 or 3 are required to adopt an 
action plan to reduce the level of Salmonella If a holding IS assigned to ZAP 3 for more than 11 
consecutive months their assured status could be suspended Th1s w1ll have a s1gmficant financial 
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impact on the farm and it is therefore important that holdings are not incorrectly assigned a ZAP 3 
score. 
The objectives of this study were to explore how varying the frequency of sampling would 
affect the estimate of Salmonella prevalence. Specifically, the following questions were phrased. 
If the number of samples submitted from each herd per quarter were reduced; 
A. What would be the impact on the likelihood that a herd were assigned the correct ZAP score? 
B. What would be the predictive value of a given ZAP score - ie. if it were stated as ZAP 1, then 
how likely is it that the herd truly had a prevalence of <50%? 
C. What would be the impact on the likelihood of detecting a reduction in prevalence within Great 
Britain, nationally (England, Scotland and Northern Ireland), and at a herd level? 
Materials and methodology 
The methodology for each objective is addressed in turn; 
Objective A. A model developed by Snary et af. (2004) was modified. For the purposes of this 
paper, the estimated proportion of test positive pigs, P+~, was extrapolated from the known 
prevalence ( Pu ), test sensitivity and test specificity of the MJE used in the ZAP scheme, which 
was reported to be 0.92 and 0.93 respectively (Nielsen eta/. (1998) and Proux eta/. (2000)). When 
a batch of pigs arrives to the abattoir with a Salmonella prevalence ( P11 ) , a sample ( S 8 ) of these 
pigs is tested using the MJE. Multiple batches of pigs will arrive from a pig herd to an abattoir over 
a three-month period, where the number of pigs in each batch is denoted as n8 .1 and the total 
number of pigs in all batches is denoted by 8 (where , 8 = L,n,. ). The number of these pigs with 
a positive MJE ( n •.• ) is assumed to be binomially distributed with the number of samples 
corresponding to n 8 .1 and the probability set as the proportion of test positive pigs P_., . The 
number of positive pigs in each batch was distributed assuming a hypergeometric distribution 
(Vose 2000), which accounts for sampling without replacement. From these assumptions the 
prevalence of MJE is assumed to be; 
'• L l~vpergeometric(S 8 ,n_.1 ,n8 .1 ) 
P - ...:.I~....:,- I __________ _ 
IC/£ - (1) 
S IJI 8 
Given that not all pigs are sampled in the ZAP sampling scheme, and the imperfect test 
sensitivity and test specificity, the true herd prevalence is not known. However, P,u£ was simulated 
for a range of P11 values (i.e. from P11 = 0 to ~' = 1, in steps of 0.01 ). For each estimate of PwE a 
ZAP score, i , was assigned according to the definitions described in the introduction. The values 
of 8 and 8 were vaned to observe the change in P,u£ and hence i . For each mcremental 
value of P", there is a corresponding true ZAP score, Z, wh1ch can be compared to the estimated 
ZAP score, i . The probability of assigning the correct ZAP score, P(Z= i ), was estimated: 
P(z = i )= # of iteration \ here Z = Z 
total # of iterattons for P11 value 
(2) 
Given a ZAP score of 1, 2 or 3, the probability that the true herd prevalence ( P11 ) lies within 
the range of each ZAP score is the sum of the number of correctly assigned ZAP scores for that 
range of prevalence over all iterations used in the model. 
Objective 8 Usmg the same s1mulat1ons described above, the ZAP scores for all iterat1ons are 
stored for each value of ~' . For all simulations, the predictive value of each ZAP score 1s 
calcula ted by counting the number of correctly allocated ZAP scores divided by the number of 
1terat1ons assigned that ZAP score. 
Objective C National prevalence is defined as the proportion of positive samples submitted, 
irrespective of batch or holding, and gives an indication of what proport1on of pigs being sent to 
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slaughter are MJE-positive (and hence an indication of the proport1on of Sa/monel/a-positive pigs) 
The observed national MJE prevalence for a quarter (3-months) was used to estimate the national 
Salmonella prevalence The data used were from January-March 2006 where 37961 samples were 
submitted, of which 8571 (23%) were positive 
To est1mate the Salmonella prevalence of all p1gs sent to the abattoir, a beta d1stribut1on 
(with uniform priors) was used to account for the uncertainty due to the sample s1ze (Vase 2000), 
and test sensitivity and specificity were also included in the estimate Th1s results m the est1mated 
Salmonella prevalence being symmetrically distributed If the number of samples subm11ted were 
reduced, the estimate of prevalence may d1ffer Therefore, a two-sample t-test (Petne and Watson 
1999) was used to test the null hypothesis that reduc1ng the number of samples tested would not 
significantly (P<O 05) change the est1mated Salmonella prevalence. The prevalence w1thm each 
country (England, Scotland, and Northern Ireland) was investigated in the same way 
Similar methods as described above were used to examme the estimate of herd 
prevalence However the Salmonella prevalence est1mate per holdmg was pos111vely skewed as 
there were fewer samples subm11ted Consequently a t-test could not be used to compare 
distributions and 51n and 951h percentiles of each distnbution were used to estimate Salmonella 
prevalence 
Results 
ObJectiVe A S1mulat1ons are shown assum1ng that five batches were sampled per quarter The 
probability of being assigned the correct ZAP score, P(l = Z). was reasonably high (>0 75) when 
the prevalence was less than 0 40 (F1gure 1) As the herd prevalence of Salmonella, P11 • 
approached the boundanes of a ZAP score (i.e when P1, was 0 5 or 0 75) the probab1hty of 
assigning a correct ZAP score reduced in value When P,1 was between 0.50 and 0 75 (wh1ch was 
eqUivalent to a ZAP 2 score) P(l = Z)vaned from 0 4-0 75 many scores were e1ther ZAP 1 or ZAP 
3 Assum1ng that there was one p1g sampled per batch resulted m the value of P(L = Z) be1ng less 
than 0 50 for many values of Pu As the number of pigs sampled per batch 1ncreased, the ability to 
est1mate the correct ZAP score 1ncreased The main difference between sampling e1ther three or 
two p1gs per batch was that the est1mate of P(/ = Zl 1mproved at low values of P when three 
p1gs were sampled per batch 
ObJecttve B When a ZAP 
score of 1 was ass1gned the 
pred1ct1ve value of a ZAP 
score was always above 0 90 
1rrespect1ve of the number of 
batches sampled per quarter 
(F1gure 1) The predictive 
value of a ZAP 2 score was 
comparatively low· when 2 
ptgs were sampled per 
quarter the predictive value 
a 0 45 The pred1chve 
alue or the ZAP score had 
r due d to 0 40 hen p1g 
a sampled per batch· more 
hold.ng ere mcorrectl 
a tgned a ZAP 2 score than 
correctl as tgned The 
pr dtclt value or a ZAP 3 
re performed better and 
ned from 0 75-0 80 
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Figure 1 Effect of changing the number of p1gs sampled 
per balch on the probabtlity of assigmng the correct ZAP 
score, IV. h and the predict1ve value of the ZAP score 
Ft e batches per quarter were assumed m the srmulatrons 
rd1ng to the number or samples submitted 
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Objective C-Nationallevel Reducmg the number of pigs sampled per batch will reduce the number 
of submttted samples at a national and regional level by up to 33%. Reducing the number of 
samples submttted by 33% will not significantly (P<0.05) change the crude estimate of naltonal 
Salmonella prevalence, which for January-March 2006 was 18%. A change of 2% wtll be detected 
at a national level. The Salmonella prevalence was estimated for each region, and 24% of samples 
from England were positive, 1% of samples from Scotland were postltve and 5% of samples from 
Northern Ireland were positive. Even when considering a reduction in sample stze of 33% a 
change in prevalence of 2% would be detected by the ZAP scheme. 
Obtective C-Herd level Assuming 15 pigs per quarter were sampled; a wide range in the esltmated 
prevalence was estimated for each value of Pwt . For example the 5th and 95th percentiles were 
0.07 and 0.45 respectively when the true prevalence was 0.2, and 0.54 and 0.93 respecltvely when 
the true prevalence was 0.80. Therefore only a large change in prevalence, e.g. from 0.2 to 0 8, 
would be detected using the current minimum sampling. Ustng the same method, the mtmmum 
mcrease in MJE-prevalence that can be detected from 0.20 would be 0. 70. By reducmg the 
mtnimum number of pigs sampled to 10 samples per quarter, a statistically significant (P<0.05) 
change in PH would not be detected 1f a holdmg were to submit the minimum number of samples. 
Discussion 
Simulations have been used to show that reducing the minimum number of pigs sampled 
per quarter to a minimum of five pigs had a varied effect on the probability of correctly assigning a 
ZAP score and the predictive value of the ZAP score, as a result of teslmg less samples per balch 
Hence, sampling two ptgs per balch, rather than three, should not have a major effect on the 
predicttve abtlilies of the ZAP scheme. It should be noted that the batch prevalence when two ptgs 
are sampled will be either 0, 0.5 or 1.0 Therefore it is important that a suffictenl number of batches 
(ie . greater than five) are sampled per quarter in order to provide a good estimate of MJE 
prevalence, and hence the ability of the ZAP scheme to correctly allocate a ZAP score 
The htgh number of samples collected in the ZAP scheme resulted 1n accurate esltmates of 
Salmonella prevalence at a national level; simulations suggest that a change tn prevalence of 2% 
will be detected. At a herd level , the mimmum number of samples collected to be allocated a ZAP 
score, currently set at 15 pigs per quarter, results 1n a wide esltmate of true Salmonella prevalence 
Therefore changtng the sampling methods will mnuence the estimated holdmg prevalence In 
practice , a majonty of holdtngs submit more than 15 samples per quarter and therefore in these 
herds the esttmate of Salmonella has small confidence mtervals. 
The current sampling scheme is not a sensittve method of detectmg true changes in herd 
prevalence, and reducing the number of samples submitted would reduce lhts ability further Using 
a rolling average of samples collected per quarter 1mproves the sensillvtty of the current samplmg 
scheme, but herds wtth a prevalence close to each ZAP score cut-off are likely to change ZAP 
score from one month to the next wtthout any true underlytng change m Salmonella prevalence 
However, the ZAP scheme 1s 1ntended to 1dent1fy those farms wtth persistently htgh levels of 
tnfeclion , and taking 2 rather than 3 samples per batch would not change the concluston that herds 
with a ZAP 3 score for 11 consecutive months are likely to have a htgh MJE prevalence 
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